Large solar energetic particle (SEP) events occur in association with fast coronal mass ejections (CMEs) and flares. We have studied in detail the rise phase of the SEP event of 1998 May 2 observed with the particle telescope ERNE aboard the Solar and Heliospheric Observatory (SoHO) spacecraft and ground based neutron monitors. Using the ERNE data and numerical modeling of the SEP transport, we present improved evaluations of the solar release profile of deka-MeV protons. The SoHO/EIT images are used to study the CME lift-off processes and possible sources of deka-MeV and hecto-MeV proton streams. In a first stage of the deka-MeV proton production, which starts not later than 4 min after the radio flash and the Moreton wave start, particles get accelerated from a few MeV through 20 MeV in ≈15 min. Both ERNE and neutron monitor data are used to study the release of solar protons in the hecto-MeV range. The proton acceleration to above 400 MeV was completed not later than 15 min after the onset of the eruption. Differences in the release scenarios, energy spectra, and composition of deka-MeV protons versus hecto-MeV protons suggest two different acceleration regions involved, perhaps situated on initially open lines and initially closed lines of coronal magnetic field. The first SEP productions were followed by a prolonged period of proton reacceleration, which continued in the ∼10-100 MeV range for more than 12 hours and during which a common energy spectrum was formed.
Introduction
The classification system of solar energetic particle (SEP) events in terms of two groups of SEP events, impulsive events and gradual events, makes up a reasonable simplification of a wide variety of SEP events and possible processes behind them, and hybrid SEP events are also observed (Cliver 1996; Kocharov & Torsti 2002 , and references therein). Both modeling and observations indicate that solar flares and coronal mass ejections (CMEs) may be considered as different manifestations of a single physical process that involves a disruption of the coronal magnetic field (e.g., Lin & Forbes 2000) . Both flares and CMEs are associated with large SEP events. On the other hand, a single solar eruption can trigger several different processes of particle acceleration (as in the recent picture of CMEs by Spicer et al. 2006 ). However, not all accelerated particles can escape into the interplanetary medium and equally contribute to the SEP flux observed at 1 AU. Some energetic particle populations are confined near the flare site and precipitate into the chromosphere to produce secondary emissions, gamma-rays and neutrons, others escape into the interplanetary medium to produce a SEP event near the Earth. Temporal trapping of charged particle in coronal magnetic fields followed by the particle escape into the interplanetary medium cannot be ruled out either. Improved resolution of particle instruments, a broad-band approach, especially for the beginning of SEP events, and theoretical modeling can help us to reveal different solar activities and physical processes behind the SEPs.
Interplanetary transport conditions for SEPs are known to be highly variable. Good 'seeing' conditions in SEPs are possible at large values of the particle mean free path, λ > 1 AU. One such event was the SEP event observed on May 2-3, 1998. During that event, the Energetic and Relativistic Nuclei and Electron (ERNE) instrument aboard the Solar and Heliospheric Observatory (SoHO) registered a long-lasting, extremely sharp anisotropy in the >10 MeV proton flux (Torsti et al. 2004) . A ground level event (GLE) was registered by the neutron monitor network (Danilova et al. 1999 ). The SEP event was observed inside the interplanetary magnetic cloud of a previous solar eruption. Recently, Kocharov et al. (2005a) formulated a model of a SEP event observed inside such cloud and applied that model to the late phase of the 1998 May 2-3 event. However, the proton flux development at different energies during the onset and maximum phase of the event had not yet been investigated. On the other hand, the 1998 May 2 flare and CME were very well observed in different electromagnetic emissions (Pohjolainen et al. 2001 , and references therein), which enables correlative studies with the SEP data.
In the present article we analyze the SEP event development during its first hour, with data of High Energy Detector of SoHO/ERNE and data of a neutron monitor in Goose Bay. In §2 we describe data and models employed for the analysis. Following sections will comprise data analysis ( §3), discussion of the results ( §4) and conclusions ( §5).
Data and Methods
The 1998 May 2-3 SEP event was observed inside the interplanetary magnetic cloud of a previous solar eruption (Torsti et al. 2004 ). Thus, the energetic particles propagated along a kind of magnetic loop in solar wind, and bi-directional streaming was observed in some periods of the event. In the beginning of the SEP even the magnetic field vector was well out of the ecliptic plane. A direct, prompt and strong proton flux was observed from southern directions. Then a counter-streaming flux arrived from northern directions. Our present study is focused on the direct >10 MeV protons that arrived during the first ∼1 hr of the event. Another unique feature of this event is almost scatter-free transport of solar protons during most of the event. That is evident from the proton flux anisotropy data of the High Energy Detector (HED), which is a particle telescope, part of the SoHO/ERNE instrument.
The particle telescope ERNE/HED possesses high sensitivity and exceptional angular resolution, so that the proton intensities can be deduced for narrow bins of the pitch-angle cosine, being however limited by the instrument's field of view (Torsti et al. 1995) . The later was not an obstacle for the observations of the 1998 May 2 event, because the particle pitch-angle distribution was very narrow and the interplanetary magnetic field vector was favorably oriented with respect to the 3-axis stabilized spacecraft. The analysis software for the ERNE/HED directional intensity measurements counts the number of protons in 240 small solid angles in the HED view cone. The integration time is 4 minutes. The GSE elevation angle of the HED field of view, θ, and azimuth angle, φ, cover respectively the ranges from −60
• to 60
• and from 255
• . The original 240-bin intensities are re-calculated into the proton directional intensity as a function of the cosine of the angle α between the proton velocity and the magnetic field direction measured by the ACE magnetometer (Smith et al. 1998) , the pitch-angle cosine µ = cos α.
The energy range of ERNE/HED for protons extends from ≈12 MeV to about 140 MeV. The 1998 May 2 event was observed over the entire energy range of ERNE, but due to statistical limitations, the proton flux anisotropy can be reliably deduced only below ≈40 MeV. Thus, we employ the proton flux anisotropy data in the ranges 17-22 MeV and 26-40 MeV. In order to study a history of proton production, we select only protons arriving from the directions close to the direction of interplanetary magnetic field, with the pitch-angle cosine values µ ≈ 0.9 (µ = 0.866-0.940). However, for the mean free path estimate, other µ-bins are also used. In addition, we employ the view-cone-average intensities in 9 energy channels of the HED. The mean energy values (and energy limits) of the employed energy channels are 15.2 (13.8-16.9) MeV, MeV, 3) MeV, MeV, [126] [127] [128] [129] [130] [131] [132] [133] [134] [135] [136] [137] [138] [139] [140] MeV. The mean energies are estimated for the energy spectrum observed in the event. The view-cone-average intensities depend on the width of the proton angular distribution and the angle between the ERNE axis and the magnetic field direction, which differentiates them from the directional intensity in a fixed µ-bin.
The most accurate way to deduce a history of proton production is numerical modeling of the particle injection and interplanetary transport. We use a model of the particle transport in a loop-like magnetic cloud of interplanetary CME, which was described in detail in a previous paper (Kocharov et al. 2005a ), but the pitch-angle scattering is modeled as numerous small-angle anisotropic scatterings with scattering frequency ν(µ), which is parameterized with a mean free path λ. Numerical implementation of the scattering is similar to the model AAS by Kocharov et al. (1998) with scattering frequency ν(µ) being in the form of their equation (A4), which is a standard quasilinear expression modified to fill a dip in the scattering frequency in directions nearly perpendicular to the magnetic field, with half-width of the filled region µ 0 = 0.04, and the Kolmogorov turbulence spectrum, q = 5/3. We inject particles near the Sun with a broken-exponential time profile, which comprises the 1st exponential rise phase with e-fold time of 4 min, the 2nd rise phase with e-fold time of 11 min, and the prolonged decay phase with e-fold time of 4 hr, as shown with green line in Figure 1b. Protons are similarly injected into both legs of the interplanetary loop, with a power law energy spectrum dN inj /dE ∝ E −2.8 (Kocharov et al. 2005a ). However, the near-Earth intensities discussed in our present paper depend mainly on the injection into the nearest, southern leg of the interplanetary loop. The injection time profile and interplanetary mean free path are adjusted to fit the time-intensity profile and proton flux anisotropy observed on SoHO. The proton flux anisotropy observed shortly after the event maximum, during the time period indicated with a horizontal bar at the top of Figure 1a , suggests a near-Earth mean free path value λ = 10 AU.
Due to statistical limitations, the proton flux anisotropy data are not available at highenergy end of the ERNE/HED range. However, in the case of almost scatter-free transport a shifted time method can be applied, that is, a history of proton production at the Sun is studied by shifting the observed time-intensity profiles by the energy-dependent proton transport time, t tr (E). For convenience of a comparison with the history of solar electromagnetic emissions observed at 1 AU, we add to the shifted time the light travel time t c = 8.3 min. Thus the Electromagnetic Signature (ES) time is finally defined as
where t is the time of proton observations at 1 AU and t tr = L/( µ v). In the last estimate we adopt the Sun-Earth magnetic-field-line length to be L = 1.06 AU, which is employed also in modeling and corresponds to the observed solar wind speed ≈600 km s −1 ; the average pitchangle cosine during the proton trip to SoHO µ = 0.94 for the view-cone average intensity, which is based on the actual direction of magnetic field and pitch-angle distribution, and µ = 0.9 for protons in the selected µ-bin employed for Figure 1a . Proton velocity values, v, are taken for a proton energy E being equal to the mean energy of corresponding energy channel.
The ground-level event of 1998 May 2 was observed by the world network of neutron monitors (the Spaceship Earth observing network by Bieber et al. 2004) . Neutron monitors at different geographic locations can sample different parts of the 400 MeV proton angular distribution in the interplanetary space. Danilova et al. (1999) analyzed the network data for the 1998 May 2 event and calculated asymptotic directions of primary solar protons before they entered the terrestrial magnetosphere. Because of disturbed magnetospheric conditions, the network response was rather complicated. However, both the asymptotic cone calculations and a qualitative analysis of the count rate profiles indicate that the Goose Bay neutron monitor was in the best position to observe SEPs arriving in asymptotic directions close to the direction of interplanetary magnetic field. For this reason, we employ for our study the Goose Bay neutron monitor count rate, after being pressure corrected and with pre-event Galactic background subtracted. The count rate excess over the background level is ≈ 10%, which exceeds 1-min fluctuations by one order of magnitude. The data are 1-min averages excluding the first time bin, where only 5 min count rate is available.
Inferred history of SEP production on the Sun is compared with solar images collected by the Extreme-Ultraviolet Telescope (EIT) on SoHO. The EIT provides wide-field images of the solar corona, from the transition region and up to 1.5 R (Delaboudinière et al. 1995) . The EIT can image the coronal plasma on a global scale as well as many transient details, at a temporal cadence of ≈10-30 minutes. In particular, it is capable of observing coronal Moreton waves (EIT waves) and coronal dimmings. The EIT waves are globally propagating coronal disturbances seen in extreme ultraviolet radiation, which emanate from a central radiant point and travel across the visible solar surface. They appear in concert with liftoff of LASCO CME and EIT dimming. The latter is a signature of a transient coronal hole. The transient coronal holes, which produce dimming regions in EIT observations, result from a decrease in density of the overlying corona (Zarro et al. 1999; Thompson et al. 2000b) caused by the opening of magnetic fields occurring during the expulsion of CMEs. Both the coronal wave and dimming were observed in association with the 1998 May 2 SEP event.
Analysis of Particle Event
The ERNE results to be fitted with numerical modeling comprise the 4 min-average time-intensity profiles of µ = 0.9 protons in the energy channel 17-22 MeV and their entire angular distribution observed shortly after the event maximum. The model best-fit profile is shown with a green line in Figure 1a In Figure 1b we also show the view-cone-average intensity of 17-22 MeV protons versus the ES time, with 1 min resolution. It is seen that the first proton appearance above the background level occurs at the ES time of 40 min. In the case of source profile 2 we assume the proton production to start at the flare time, with the first particle injection in the time bin t ES =38-42 min. The injection might be formally prolonged to minus infinity, as illustrated with line 1, but it seems unlikely that high-energy protons were injected before the start of the eruption. Note that an adoption of the magnetic-field-line length, L, being larger than the nominal 1.06 AU would imply the first observed protons to be injected before the flare. On the other hand, significant shortening of L is not possible. Thus, uncertainties in the ES time estimates are not large, especially in the hecto-MeV range, where transport time decreases and velocity dispersion weakens.
With numerical modeling, we have found that the 1st exponential rise of proton injection in the energy channel 26-40 MeV was delayed by about 5 min in respect to the rise of 17-22 MeV protons. Alternatively, such a delay can be illustrated with a shift of the observational 26-40 MeV profile by a difference of the transport times for two energies, i.e., by the expected delay of 17-22 MeV proton arrival in respect to the 26-40 MeV proton arrival if they were simultaneously injected from the Sun. Thus, in Figure 1a the 26-40 MeV profile is shifted by +11 min and also re-normalized to the maximum intensity observed at 17-22 MeV. A time delay of the shifted profiles is caused by a delay in the solar injection. Such a delay is seen in the 1st rise but not in the 2nd rise period, where surprisingly good, often point by point coincidence is observed.
Two blue histograms in Figure 1b show the count rate profile of the Goose Bay neutron monitor plotted as a function of the ES time and differently normalized. At the first attempt (upper histogram) the neutron monitor count rate was scaled to fit the maximum production rate of deka-MeV protons that was achieved after the 2nd rise period at t ES = 84 min. It is seen that the hecto-MeV proton profile rose significantly faster than the deka-MeV profile in the same period of ES time. However, the neutron monitor rise might be related to the steep, 1st rise period of deka-MeV proton production. Thus, at the second attempt the neutron monitor rate was normalized to the maximum rate of the 1st period deka-MeV production at t ES = 52 min (lower histogram in Figure 1b) . Then, we additionally plotted the 111-140 MeV proton profile observed by SoHO/ERNE, being properly shifted and re-normalized to the neutron monitor count rate, because if there were energy-dependent shifts in the steep exponential rises, such a shift would be observed also between the 111-140 MeV flux and the neutron monitor count rate. However, we find a perfect agreement between the first 12 min of the Goose Bay profile ( 400 MeV) and the profile of 111-140 MeV protons.
The latter finding encouraged us to study time-intensity profiles of other channels of SoHO/ERNE. Two upper panels of Figure 2 show the 1 min time-intensity profiles in six proton channels as functions of the source time, t ES . Profiles are normalized to the same mean intensity level during the period t ES =85-100 min, which is a period shortly after the intensity maximum. Corresponding normalization factors, I 0 (E), are shown in panel (c) with a solid histogram and color circles. Figure 2b shows the data in the three highest energy channels versus time t ES . All profiles coincide with each other, without any delay in terms of the source time. Thus, in the hecto-MeV range we do not find any dependence of the proton production history on the proton energy. In contrast, in the deka-MeV range (Figure 2a ) intensity rise of a higher energy channel occurred later than a lower energy one. The energy dependence of the deka-MeV proton production ceases, however, in the 2nd rise period, where the deka-MeV injection rates gradually increase simultaneously in all energy channels. It is seen that the overall shape of time profiles in the deka-MeV range and the shape of hecto-MeV profiles are clearly different. Note also a difference between the neutron monitor profile and the 111-140 MeV profile after the first 12 min of the event (Figure 1b) . It is not clear whether this difference was cased by additional production of 111-140 MeV protons or by a difference in the acceptance cone shapes of the ERNE/HED and the neutron monitor. Figure 2 additionally illustrate a spectral hardening and a change in the He/p abundance ratio at transition from the deka-MeV/nuc (< 50 MeV/nuc) range to the hecto-MeV/nuc (∼ 100 MeV/nuc) range. The normalization factor I 0 (E) is directly proportional to the proton spectrum I(E) collected during t ES =85-100 min. We also show the spectral estimates for two other averaging intervals, t ES =190-205 min and t ES =85-205 min. Note that as an estimate of the source spectrum, I(E) may be not very precise, because it has not been corrected for a sampling into the instrument view cone. An additional source of uncertainties may be a sampling of particles of different energy from different magnetic flux tubes. This effect is exemplified with the He/p abundance ratio (Figure 2d ).
Panels (c) and (d) of
The black histogram in that panel shows a result of sampling from different tubes that correspond to the same period of ES time. The blue histogram is for the sampling of ions of all energies during the same period of universal time, i.e., from the same magnetic tube. The error bars correspond to the estimates based only on the count statistics.
Discussion
In the 1998 May 2 SEP event, an onset of the observable ∼20 MeV proton release occurred within 1-4 min after the radio flash and the Moreton wave start (Figure 1b) . Such a prompt release of deka-MeV protons is not typically observed. In general, the first proton timing depends on magnetic connection to the spacecraft. The shortest time delays, about 10 min, correspond to the well connected, western events, like the carefully studied events of 1990 May 24 and 1996 July 9 (Torsti et al. 1996; Laitinen et al. 2000) . However, the secondary gamma-ray emissions observed in those events indicate that deka-MeV protons were present already in the flash phase but they were confined in coronal magnetic loops and did not escape into the interplanetary medium. Note that a determination of the first particle arrival time is always background dependent. For this reason, we have also employed alternative techniques -modeling of SEP injection and transport; re-normalization of intensity-time profiles of different energy channels to the same peak intensity; and comparison of similar features in the time profiles of different energy channels.
The first rise of deka-MeV proton production in the 1998 May 2 event is well associated with an EIT wave, which is a moving front of coronal brightening often associated with solar flares and CMEs (Thompson et al. 1998 (Thompson et al. , 2000a . The EIT wave was accompanied by a chromospheric Moreton wave observed in Hα and studied by Warmuth et al. (2001) . The question of the nature of EIT waves is not finally solved, but there is increasing evidence of their association with liftoff of fast CMEs (Cliver et al. 2005) . Recently Chen (2006) argued that EIT waves and expanding dimmings appear only when CMEs are present. On the other hand, Warmuth et al. (2001) carefully analyzed kinematics of the Moreton wave in the case of 1998 May 2 and concluded that the data favor the blast-wave scenario over the CME-induced piston mechanism, which however cannot change the fact that both the CME and the flare occurred in concert. We consider the global coronal wave and dimming as signatures of impulsive CME liftoff, and find correspondence between the CME lift-off signatures and initial phases of SEP production in the 1998 May 2 event. The chromospheric and coronal waves in the beginning of the solar eruption correlate with the first period of the deka-MeV proton production, whereas the second period of deka-MeV proton production and production of hecto-MeV protons are well associated with coronal dimming. Straightforward explanations for these associations may be (i) a prompt acceleration and release of deka-MeV protons on open magnetic field lines during the lateral expansion of solar eruption and (ii) a delayed release of hecto-MeV protons at the opening of magnetic field lines and the transient coronal-hole formation.
An EIT-wave association of the first deka-MeV proton release was previously reported by Torsti et al. (1999) for the event of September 24, 1997, with a coronal quasi-perpendicular shock wave regarded as a possible accelerator. That eruption, however, was centered in the eastern hemisphere, well away from the root of the Earth-connected magnetic field line, and the first proton injection toward the Earth was delayed by 30-40 min in respect to the flare. Then the first, steep exponential rise of deka-MeV proton injection in that event took another 30-40 min. Thus, in the 1997 September 24 event there was a period of about one hour to complete the proton acceleration. Onset of the 1998 May 2 SEP event was also well correlated with the arrival of the EIT wave at the vicinity of the Earth-connected magnetic field line, which was at ≈ 40
• W, at the observed solar wind speed of 600 km s −1 . However, a model with 1 hr acceleration time couldn't explain the primary acceleration.
Figures 1a and 2a suggest that the first phase of deka-MeV proton production was energy dependent, that is a higher energy proton release occurred later than a lower energy one. The time shift may be due to the time needed for a proton to be accelerated to a higher energy. We estimate that in the 1st phase of the 1998 May 2 event it took a proton 4-6 min to double its energy, e.g., from 20 MeV to 40 MeV. For the final energy of ≈20 MeV, the first acceleration was over in a ≈14 min time after the Moreton wave start (Figure 1b) . Thus, if the protons with final energy 20 MeV began their acceleration at the radio flash time, their injection energy should be 2-4 MeV, in order to be accelerated in 14 min to 20 MeV. The neutron monitor data indicate that acceleration time from a few MeV energy to above 0.4 GeV did not exceed 15-20 min (Figure 1b) . According to the shock acceleration model of the 1998 May 2 event proposed by Sokolov et al. (2004) , proton acceleration on open magnetic field lines and subsequent transport should take more than 1.5 hr after the onset of the eruption. Such a long delay is inconsistent with the neutron monitor observations. Generally, a theoretical acceleration time is energy dependent. In the case of stochastic acceleration by Alfvén waves with the turbulence spectral index q, particle diffusion coefficient in the momentum space D p ∝ p q−1 , and the characteristic acceleration time of
, where p and E are particle momentum and kinetic energy. On the other hand, the diffusive shock-acceleration time depends on the particle energy via the spatial diffusion coefficient, Toptygin 1985) . Thus, characteristic acceleration times of both acceleration processes similarly depend on energy τ ∝ E (3−q)/2 , where q < 3. For the Kolmogorov turbulence spectrum, q = 5/3, the acceleration time increases with energy as E 2/3 . Acceleration in a DC electric field also suggests an acceleration time increasing with energy. However, in the case of the 1st order Fermi acceleration of a particle bouncing between two magnetic mirrors converging toward one another [ β acceleration of Spicer et al. (2006) ] the characteristic acceleration time does not depend on the particle energy. Hence, it is one of the most favorable mechanisms for a prompt acceleration of the high-energy particles.
Let us assume that acceleration time in the 1998 May 2 event did not depend on the proton energy. As discussed above, the deka-MeV protons were accelerated with a mechanism that doubled the proton energy in a ≈5 min time. Hence, a proton acceleration with that mechanism from the initial energy ≈3 MeV to the final 120 MeV would take ≈27 min, which is already somewhat longer than 15-20 min required for the ERNE observed 111-140 MeV protons (Figure 1b) . Furthermore, that acceleration time becomes clearly insufficient for protons in the neutron monitor range, 400 MeV, because despite the much higher energy they are produced simultaneously with ≈120 MeV protons of ERNE. Even without any estimate, a clear difference in histories of the deka-MeV proton production versus the hectoMeV proton production is evident by eye from the examination of Figures 2a and 2b . There are also significant differences in the energy spectra and composition of ions in deka-and hecto-MeV/nuc. energy ranges (Figures 2c and 2d , respectively for spectrum and composition). Thus, it is unlikely that the deka-MeV protons and the hecto-MeV protons initially originated from a common acceleration, and hence more than one acceleration mechanism or model are needed to account for the features of the 1998 May 2 event.
Figure 2b reveals that rise of >50 MeV proton injection occurred simultaneously in all energy channels of ERNE. An energy-independent rise of the particle injection may be caused by either (i) a very fast acceleration with a characteristic time scale of 1 min, or (ii) a uniform shift of a steep power-law spectrum to higher energies due to the energyindependent reacceleration, or (iii) a simultaneous release of previously accelerated particles. The latter seems the most plausible explanation because of the association of the hecto-MeV proton peak with coronal dimming (Figures 1b and 3) . The sub-minute acceleration cannot be ruled out either, but we do not know what mechanism could provide it. A reacceleration effect seems unlikely because of the lack of a steep power law spectrum in the hecto-MeV range. In the case of scenario (iii), a closed topology of magnetic field during the primary acceleration implies a large value of the particle escape time from the acceleration region and consequently a hard energy spectrum, irrespective to whether 1st or 2nd order Fermi acceleration prevails. Also the acceleration rate should be high. If we assume the initial energy of protons before the acceleration to be of ≈3 MeV, the final energy of ≈500 MeV could be achieved in less than 15 min if the 2-fold increase of energy took less than 2 min. Recently, Simnett (2006) has analyzed an outstanding ground level event of 2005 January 20, with extremely impulsive profile of relativistic protons, and explained it with a CMEinitiated release of previously accelerated particles. Note also that low values of the helium abundance in the 1998 May 2 event, He/p 0.1, indicate that in the 1998 May 2 event we observe particles originating from high solar altitudes, e.g., from a transequatorial loop, not from the low-lying loops at the AR 8210 flare site.
First >10 MeV protons observed in the 1998 May 2 event escape within first 4 minutes after the flare pulse. In the case of diffusive shock acceleration, a fast escape and a fast acceleration cannot be easily combined in a single model. As a possible compromise, Kocharov et al. (2005b) proposed a turbulent layer model of coronal shock acceleration. That model was successfully applied to the 1996 July 9 event, in which the first proton release was delayed by 10 min in respect to the flare. The turbulent layer model with a parallel shock wave might be marginally acceptable for the event of 1998 May 2, if the first proton release was delayed by 4 min and the shock speed was of ≈1200 km s −1 , but that model does not explain the observed energy-dependence of the deka-MeV delays. On the other hand, Leblanc et al. (2000) after the analysis of type II radio emission of 1998 May 2 concluded that the type II shock and flare continuum were in the wake of the CME and argued for a model, in which electrons are accelerated by the shock wave traversing CME expanding loops. The association of the hecto-MeV proton component with EIT dimming gives insight to the potentially important role of the complicated and dynamical magnetic environment at possible sites of primary proton acceleration, irrespective of whether or not the shock acceleration dominates.
Our observations suggest at least two episodes of primary acceleration -the 1st period of deka-MeV proton acceleration, which occurred during the first 20 min of the eruption, and a primary acceleration of hecto-MeV protons, which were released later, after the magnetic field line opening. We also note that a simultaneous change of deka-MeV proton intensities in different energy channels during the 2nd rise period (Figure 2a ) coincides with the release of hecto-MeV protons and the EIT dimming (Figures 1b) , which may be explained by a release of the additional portion of deka-MeV protons that was previously accelerated and confined in coronal loops. A few episodes of the primary acceleration should be complimented with a prolonged reacceleration process, which causes many hours of proton streaming in the interplanetary space in association with interplanetary CME and shock wave. Figure 2c illustrates how a smooth spectrum in the entire deka-hecto-MeV range (plus signs) was formed at the reacceleration stage. Mixing of different SEP components and cascading acceleration scenarios find support also in previous empirical and theoretical studies of other events (Cliver 1996; Kocharov & Torsti 2002; Tylka et al. 2006) .
Conclusions
We have analyzed the 1998 May 2 SEP event observed inside a magnetic cloud associated with a previous CME, where a decreased level of interplanetary scattering was exceptionally beneficial to investigation of the SEP production in association with liftoff of a new CME observed with SoHO/EIT. The investigation has also benefited from the data of neutron monitors and a previous numerical model of SEP transport inside the interplanetary magnetic cloud. From the data analysis and the model fitting, we can conclude the following:
1. In the deka-MeV energy range (∼10-50 MeV) we observe a prompt and energydependent rise of the particle production at/near the Sun, with the first 20 MeV proton release in ≤ 4 min after the radio flash and the estimated Moreton wave start. The first exponential rise of the 20 MeV proton production was very steep, with e-fold time of 4 min, and continued for 12 min. A doubling of the proton energy took ≈ 5 min and resulted in an energy-dependent delay of the proton production rise.
2. The first, energy-dependent rise of deka-MeV proton production was followed by the second phase increase, which was energy-independent and less steep, with e-fold time of 11 min, and continued for about 30 min. Then production of all deka-MeV protons very slowly decayed, with the e-fold time of 4 hours.
3. The history of hecto-MeV proton onset was significantly different. Their rise was delayed in respect to the 20 MeV proton rise by 10-15 min and was independent of energy inside the hecto-MeV band.
4. The first phase of the deka-MeV proton production was associated with EIT wave, whereas the second, energy-independent rise of deka-MeV protons and the hecto-MeV proton release were associated with EIT dimming.
A straightforward explanation for these findings is a coronal, CME-liftoff associated acceleration in a variable magnetic environment, followed by a gradual reacceleration. First, prompt injection of deka-MeV protons may be a signature of their acceleration on open magnetic field lines, whereas the hecto-MeV protons may be initially accelerated on closed magnetic field lines and then released after the transient coronal hole formation. Theoretical models of SEP acceleration should address a history of particle acceleration, including more that one coronal acceleration, development of particle acceleration with height, and possible reacceleration. It cannot be ruled out that future measurements, with improved energy-time resolution, will reveal even more details of a possible fragmentary acceleration and cascading reacceleration of solar energetic particles. (Pohjolainen et al. 2001) . Timing of the EIT frames and the LASCO CME-height data are indicated at the top of the panel. The left, black histogram additionally shows the ERNE view-cone-integrated 1 min intensity of the 17-22 MeV protons, as a function of the ES time defined by equation (1), i.e., the data are shifted by −39 min, then re-normalized to fit the exponential rise of the source function 2, to show when the production rate exceeded the actual background level. The right, blue histograms show the Goose Bay neutron monitor count rate shifted by −3 min, at two different re-normalization factors, with background subtracted. The red curve is for the re-normalized view-coneintegrated ERNE count rate in the 111-140 MeV proton channel, shifted by −11 min, with background subtracted. 
